The UK Schmidt Telescope (UKST) of the Anglo-Australian Observatory completed a narrow-band Hα plus [NII] 6548, 6584Å survey of the Southern Galactic Plane and Magellanic Clouds in late 2003. The survey, which was the last UKST wide-field photographic survey, and the only one undertaken in a narrow band, is now an on-line digital data product of the Wide-Field Astronomy Unit of the Royal Observatory Edinburgh (ROE). The survey utilised a high specification, monolithic Hα interference band-pass filter of exceptional quality. In conjunction with the fine grained Tech-Pan film as a detector it has produced a survey with a powerful combination of area coverage (4000 square degrees), resolution (∼1 arcsecond) and sensitivity (≤5 Rayleighs), reaching a depth for continuum point sources of R ≃ 20.5. The main survey consists of 233 individual fields on a grid of centres separated by 4
INTRODUCTION
Hα emission from HII regions is one of the most direct optical tracers of current star formation activity and is routinely used to measure star formation rates in external galaxies (e.g. Kennicutt 1992 ). In our own galaxy, HII regions are seen by direct UV illumination of molecular clouds from adjacent hot stars and as highly structured shells, bubbles and sheets of emission resulting from supernovae, planetary nebula, Wolf-Rayet stars and other stellar outflows. Some large-scale outflows can, in turn, be themselves a trigger of star formation, and their morphology is strongly influenced by the nature and density of the ISM into which they expand. Hα imaging allows this to be studied in great detail in our immediate Galactic neighbourhood and to be detected at a great distance in external galaxies. The UV flux from hot stars also excites a more diffuse emission from the ISM, unconnected to current star formation and detectable over large areas of sky.
The perimeters of some large emission shells appear to enclose the locations of more recent star formation which may in turn generate further supernovae and stellar winds (Dopita, Matthewson & Ford 1985) , while their morphology informs the processes by which star formation is propagated (e.g. Elmegreen & Lada 1977 , Gerola & Seiden 1978 . Because of proximity, some of these structures can present very large angular sizes such as Barnard's loop (probably the first large-scale emission structure detected in the Galaxy) which subtends 13
• (Pickering 1890) and the Gum nebula which at 36
• , is even larger (Gum 1952 ). More distant complexes or groups of HII regions, such as NGC 6334, can still be of the order 1 • across and yet present fine detail on arcsecond scales (Meaburn & White 1982) . Given their interaction with their external large-scale environment (Tenorio-Tagle & Palous 1987) it was clear that emission-line imaging of these structures required an efficient wide-field capability and high spatial resolution.
On smaller scales, stellar Hα emission characterises the short lived, least well understood stages of stellar evolution, i.e. those of pre-and post-main sequence stars, planetary nebulae and close binary systems. Previous efforts to detect emission sources have either offered modest area coverage; e.g. the UBVI and Hα photometric surveys of Sung, Chun & Bessell (2000) or Keller et al. (2001) or, where a large-area survey has been conducted, becomes incomplete at relatively bright magnitudes. An example is the objective-prism survey of Stephenson & Sanduleak (1977) which reaches only ∼ 14 th magnitude. Such surveys are highly incomplete so their emission source catalogues provide only limited samples upon which to build our understanding of these rarely observed phases of stellar evolution.
From the above, the importance of Galactic Hα line emission from both stars and nebulae is evident and this has encouraged many surveys for HII regions in particular, e.g. Sharpless (1953 Sharpless ( , 1959 , Gum (1955) , Hase & Shajn (1955) , Bok, Bester & Wade (1955) , Johnson (1955 Johnson ( , 1956 ), Rodgers, Campbell & Whiteoak (1960) , Georgelin & Georgelin (1970) and Sivan (1974) . These earlier surveys were limited to relatively small targeted areas or had such wide fields of view that small-scale detail was lost due to the low angular resolution; e.g. the survey of Sivan (1974) used 60
• field diameters giving a plate scale of ∼ 6
• mm −1 . Relatively little optical emission-line survey work had been done in a way that combined wide-angle coverage with good sensitivity and high resolution. These characteristics are essential to allow thorough examination of the morphology and interaction of emission regions with their environment on arcsecond to degree scales and to detect the large variety of stellar emission sources to suitably faint levels.
Hence, in the mid-1990s, a number of the present authors suggested that the U.K. Schmidt Telescope (UKST)
should be used to make a narrow band photographic Hα survey of the Southern Milky Way and Magellanic Clouds.
The AAO/UKST SuperCOSMOS Hα Survey (SHS) 3 eas close to the Galactic Plane (Meaburn & White 1982) , but was mainly influential in the study of the ionised gas in the Magellanic Clouds, showing the first evidence for "supergiant-shells" and other large-scale features (Davies et al. 1976 , Meaburn 1980 . There are other recent widearea Hα surveys such as that by the Virginia group in the northern hemisphere (VTSS - Dennison et al. 1998 ) and the Mount Stromlo group in the south (Buxton et al. 1998) . Recently, Gaustad et al. (2001) have released the full "Southern Hα Sky Survey Atlas" (SHASSA), covering the entire southern sky. This imaging survey has rather coarse, 48-arcsecond pixels and strong artefacts from uncancelled stars in the continuum-subtracted product, but has the major benefit of being directly calibrated in Rayleighs. These surveys continue the tradition of deep, low spatial resolution studies, but use CCDs which permit low flux densities of a few tenths of a Rayleigh to be achieved.
An alternative approach, taken by the Marseille and
Wisconsin Fabry-Perot groups in the southern and northern skies respectively (see Russeil et al. 1997 and Haffner et al. 2003 for the WHAM -Wisconsin Hα Mapper), was to obtain high resolution spectral (i.e. velocity) data, but again with low spatial resolution (e.g. 1
• pixels for WHAM).
A critical comparison between the WHAM, SHASSA and VTSS surveys was undertaken by Finkbeiner (2003) who presented a 'whole-sky' Hα map. Significantly, none of these major surveys offer the arcsecond spatial resolution of the AAO/UKST Hα survey. A summary of fundamental properties of these modern surveys is given in Table 1 .
THE AAO/UKST Hα SURVEY
The AAO/UKST Hα survey provides a 5 Rayleigh sensitivity narrow-band survey of Galactic emission (Hα plus The survey began in 1997 and took six years to complete. This latest and final UKST photographic survey was the first large-scale, narrow band survey undertaken on the telescope and is the first where the sole method of dissemination to the community is via access to on-line digital data products. Preliminary survey details and results were given by Parker & Phillipps (1998 , 2003 . The present paper is intended as the definitive reference for the survey. We describe the key characteristics of the survey, the on-line data product, some survey limitations, a flux calibration scheme, comparisons with other surveys and a brief overview of the potential for current and future scientific exploitation.
The arcsecond resolution of the AAO/UKST Hα survey makes it a particularly powerful tool, not only for investigating the detailed morphology of emission features across the widest range of angular scales, but also as a means of (Table 1) are largely insensitive to point-source emitters as they lack spatial resolution, being optimised instead for the faintest levels of resolved and diffuse emission.
On larger scales, the detailed spatial structure of the ionized ISM component traced by the new AAO/UKST Hα survey can provide key data for many studies, e.g. mapping of specific areas for detailed spectroscopic follow-up to obtain emission-line gas kinematics or for dynamical studies of star forming regions, with their implications for the energetics of the central stars. Furthermore, comparisons with other indicators of star formation from other wavebands should provide essential clues to the active mechanisms. The survey also complements the recent Galactic Plane radio maps from MOST (Green et al. 1999) , the new NIR maps from 2MASS (Jarrett et al. 2000) and the mid-infrared maps from the MSX satellite (Price et al. 2001) . La Palma using a wide-field CCD camera and Hα R and I band imaging; the Isaac Newton telescope Photometric Hα Survey (IPHAS). This important survey is the subject of a separate paper ) though a brief comparison in an overlap region is included later in Section 12.
THE DETECTOR: TECHNICAL PANCHROMATIC FILM-BASED EMULSION
The survey was carried out using Kodak Technical Panchromatic (Tech-Pan) Estar based films (e.g. Kodak 1987). The superb qualities of this emulsion and its adaptation for UKST use has been described in detail by Parker & Malin (1999) so only a very brief summary is given here. The
Tech-Pan emulsion has remarkably high quantum efficiency for a photographic material with hypersensitised films having a DQE approaching 10 per cent (Phillipps & Parker 1993 ). Due to its original development in connection with solar patrol work, it has particularly high efficiency around
Hα. The Tech-Pan films are also extremely fine grained,
with an inherent resolution of ∼ 5µm, leading to an excel- 
THE NARROW BAND Hα BAND-PASS FILTER
To take advantage of UKST's large field of view it was necessary to obtain a physically large narrow band-pass filter to be placed as close as possible to the telescope's focal plane.
The issues involved with mounting such filters with Schmidt telescopes has been described by Meaburn (1978) and previous large interference filters were generally of the mosaic type (e.g. Meaburn 1980 ). Such smaller scale interference filters are easier to manufacture and can be made to higher optical quality. However, difficulties associated with their mounting often lead to problems of missing data in the filter gaps, degraded, variable resolution and lack of homogeneity over large survey areas, even when the optical quality of the elements themselves are excellent. This was the case for the Meaburn mosiac filters which did not fully deliver the anticipated performance due to an unfortunate index mis-match in optical cement between the components which resulted in reflection ghosts (which can be got rid of numerically after scanning), coupled with the practical difficulty of mounting the components in a sandwich to eliminate optical path variations (Meaburn, private communication 
The filter model
Figure 3a-b shows two spectral scans of the filter, both taken near the centre using light at normal incidence. Figure 3a is the result of a high resolution scan around the Hα re- .
Here λ0 In order to combine these to generate a smeared filter response curve which accounts for the telescope beam, each shifted bandpass is weighted by the area of the contributing ring as a fraction of the whole cone. The weighted response curves are shown in Figure 4b and the resulting, summed bandpass is shown in Figure 4c . The FWHM of this smeared bandpass is 80Å, centred on ∼ 6550Å.
This models the transmission of the filter in the centre of a survey field. Towards the edges of the field the shape 
Survey depth and quality control
The Hα films are not sky-limited after a 3-hour exposure, but this was chosen as a pragmatic limit which optimises depth, image quality and survey productivity. Field rotation and atmospheric differential refraction can adversely affect longer exposures (Watson 1984) being the best and '3' being the limit for an exposure to be considered an 'A' grade (highest quality). The image grade is recorded in the information and data sheets which accompany the survey data, together with a letter code to indicate which is the most significant contribution to the score.
Long, 3-hour exposures are prone to field rotation which can cause image trailing (denoted by T in the image grade), poor weather can lead to curtailed exposure times (U for underexposed). Cosmetic defects such as emulsion faults (E), haze halos (H) and processing streaks (P) can also contribute to a poor grade. These defects can be present in either the Hα or the SR image. Where possible, any survey exposure which was not rated A grade was repeated. Unfortunately, a few B-grades had to be accepted into the survey though over 90 per cent were deemed survey quality, maintaining the high standards set for all UKST surveys.
six coefficient (linear) plate model to measured positions of Tycho-2 catalogue reference stars, along with a radial distortion coefficient appropriate to Schmidt optics (i.e. tan r/r) and a fixed, higher order two-dimensional correction map to account for distortion induced by mechanical deformation of the photographic material when clamped in the telescope plate holder to fit the spherical focal surface. As demonstrated in Hambly et al. (2001c) , this yields absolute positional accuracy of typically ±0.2 arcseconds for glass plates.
The SHS, on the other hand, employs film media which cannot be as mechanically stable as glass on the largest scales.
However, provided a sufficiently dense grid of reference stars is available, it is possible to map out the unique distortion pattern that any one film may present.
In order to achieve the best possible astrometry for the SHS, the generic SuperCOSMOS Sky Survey (SSS) astro- The combined IAM data is organised into a full listing of 53 Figure 6 . The accuracy is quantified by a robustly estimated RMS residual, in either co-ordinate, and shows a ∼ 30% improvement when the correction map is employed. From this analysis, SHS absolute astrometry is typically accurate to ∼ 0.3 arcsec.
image parameters or a more manageable subset of the most useful 32 as in A 16× blocked-down version of each field is also available as both a GIF image and as a FITS file which has the WCS built in to the FITS header. These whole field maps can be studied to select smaller regions of interest for extraction at full resolution using the 'Get an Image' option.
The full resolution pixel data access limit is currently set at 9000 arcmin 2 with regions downloaded as FITS files (also with WCS) and both the SR and Hα data for the same region can be downloaded simultaneously. Areas for extraction can be chosen via equatorial (J2000 or B1950) or galactic Currently this has values of 100 for regions extracted interior to this radius and 0 for regions outside.
Incorporation of the SSS 'I' band data
The IAM catalogue downloaded directly via the 'Get a Cat- Figure 8a shows the raw result, where a large, unphysical variation of 3.5 magnitudes is seen in the R − I colour from the brightest to the faintest objects. This is removed as a first-order correction from the survey data by selecting a master colour, in this case the SR, and correcting the I-band across all survey fields. Note however that at fainter limits one in fact expects redder R − I colours as such stars are likely to be further away and prone to be more dust reddened or intrinsically fainter and therefore more likely to be late types. Hence some modest slope is expected. Figure 8b shows the CMD for the same patch of sky after the colour correction has been applied, giving a result in better agreement with expectation. The data can be downloaded in corrected or uncorrected form via an option in the "Expert" parameters of the SHS website. It is important to ensure that the I-band correction is not applied inappropriately, i.e. in a field of intrinsically high reddening, as such a correction will remove genuine features from the data. It should be used with caution.
SHS POINT SOURCE PHOTOMETRY
A significant advantage of the SHS data over its rivals is the ability to detect point sources which have been photometrically calibrated to CCD standards (e.g. Boyle et al. 1995 , Croom et al 1999 . With measurements of isophotal mag- 
Basic causes
The SuperCOSMOS facility is situated in a class-100 clean room and each film is pressure air-cleaned prior to scanning. However, despite best efforts, particles that may already have been present on the emulsion before shipment to SuperCOSMOS manifest themselves as spurious images.
The biggest cause is fine particulate dust (20-100µm). Unfortunately the Estar film base of the Tech-Pan emulsion is prone to static charge build-up.
Recognising spurious images
The SuperCOSMOS scanning system is highly specular so detritus present on the emulsion surface that is often in- ing spurious objects in the on-line SuperCOSMOS surveys.
As yet this procedure has not been applied to the SHS data.
FLAT-FIELDING OF THE SURVEY DATA
For any interference filter of the size used here, low-level nonuniformities exist which lead to residual non-physical background variations in the exposed images. In order to establish the magnitude of such effects, three flat-field exposures were taken with the filter subject to uniform illumination. 
Specific filter features
Despite the superb quality of the filter, low-level, large-scale variations in transmitted flux can be seen in the Hα sur- to ensure proper focus. They are thought to arise from the backscattering off these grooves of light that has passed right through the film. Again, it is gratifying that these artefacts, present at the < 0.1 per cent level, are effectively removed by application of the flat-field. The AAO/UKST SuperCOSMOS Hα Survey (SHS) 19 calibrated SHASSA survey (Gaustad et al. 2001 ). This process does not form part of the current SHS release but can be undertaken by the user as required.
Image comparison with SHASSA
The Southern Hα Sky Survey Atlas by Gaustad et al. (2001) provides wide-field narrow-band CCD Hα images of the southern sky below δ = +15
• taken with a robotic imaging camera sited at Cerro Tololo Inter-American Observatory (CTIO). The camera used a small, fast, f/1.6 Canon lens which gave a very large ( 
The SHASSA intensity calibration
The SHASSA intensity calibration was derived from the planetary nebula spectrophotometric standards of Dopita & Hua (1997) 
The SHS Calibration process
A detailed description of the SHS survey calibration process based on zero-pointing each SHS field to SHASSA is given in the thesis of . The essentials of this scheme are described here. Each SHS field is completely covered by just one 13
• SHASSA field and data from the best area of justifies use of the data out to the 15 per cent flat-field contour where the emulsion records strong emission.
SHS sensitivity limit
While the results from field h350 have shown that the survey has been well tuned to the detection of diffuse emission, as well as giving an approximate limit to the point at which the photographic emulsion saturates, the faint limit has not yet 
Fifteen Fields Studied in Depth
A total of fifteen fields from a wide variety of Galactic environments were studied using several 30 arcminute regions in each in order to build up a global picture of the survey The slighly curved trend between these two fields probably results from the bright saturation evident in the pixel data of the overlap region used (note the higher Rayleigh limits for this comparison).
COMPARISON WITH IPHAS
The SHS and IPHAS Hα surveys have areas of overlap at low declinations which permit a direct comparison to be made between the two complementary surveys. It is clear the two surveys achieve similar depth for diffuse emission but that the IPHAS survey goes deeper for pointsources due to its better resolution. Further details of the IPHAS survey are given by Drew et al. (2005) .
COLOUR-COLOUR PHOTOMETRIC PLOTS
The SR, Hα 'R-equivalent' and I magnitudes can be com- from this. Figure 23a shows a CMD constructed from a 1 point-source emission candidates and has been successfully employed to provide targets for follow-up multi-object spectroscopy with 6dF and 2dF at the AAO (e.g. Hopewell et al. 2005 ).
SCIENTIFIC EXPLOITATION
The All these discoveries are being investigated with follow-up spectroscopy to determine the fundamental parameters of this significant new sample.
HII regions and regions of star formation
This type of study is currently ripe for exploitation with little work currently undertaken. Mader et al. (1999) Furthermore, the Hα counterpart and visible extension can be directly compared to radio HII regions. This is essential information needed to determine the distance of HII regions in the framework of the study of the large scale structure of our Galaxy .
Supernova Remnants
Several programmes searching for the optical counterparts of 
Searches for new optical Hα counterparts around the known
Galactic SNR overlapping the SHS is also underway. One new Galactic SNR discovered serendipitously via the MASH programme has already been reported (Parker, Frew & Stupar 2004) . A significant increase in the known population of optically detected Galactic SNRs is promised.
Point-source emitters
One area of more recent study is the search for point-source emitters and the subsequent follow-up spectroscopy of candidates identified from the SHS Hα and SR photometry. indicates that the situation can be improved by weeding out M stars more thoroughly using the 2MASS data.
CONCLUSIONS
The AAO/UKST Hα survey as scanned by SuperCOSMOS is now complete and on-line as the SHS atlas. It represents a powerful tool for the study of the ionized gas content of our galaxy on a range of spatial scales from arcsecond to tens of degrees. The distribution and structure of the ionised gas result from a wide range of astrophysically interesting phenomena. The astrometric and photometric properties have been described and shown to be well behaved and adequate for most purposes. Importantly, despite difficulties associated with photographic data and the scan- 
